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1  | INTRODUC TION
A	key	question	 in	macroecology	and	biogeography	 is	why	 there	 is	
so	much	variation	in	the	geographic	range	sizes	of	species	(Gaston,	
2003).	Several	explanations	have	been	suggested	for	this	large	vari‐














&	Wilson,	 1967).	 Because	 reef	 fishes	 are	 usually	 confined	 to	 dis‐
crete,	often	 isolated	habitats,	dispersal	 is	expected	 to	be	a	partic‐



































life	 stages	 (Addis,	Patterson,	Dance,	&	 Ingram,	2013;	Appeldoorn,	


















A	 second	 possible	 reason	 why	 it	 has	 been	 difficult	 to	 relate	
dispersal	ability	to	range	size	is	more	methodological.	Studies	ex‐
amining	the	range	size–dispersal	ability	relationship	in	reef	fishes	
have	 used	 only	 a	 subset	 of	 species	 (e.g.,	 groups	 of	 species	with	
known	 information	 on	 the	 trait	 of	 interest).	 The	 reason	 for	 this	
is	 that	when	 investigating	 relationships	 between	 PLD	 and	 range	
size,	 scientists	 are	 limited	 by	 the	 relatively	 scarce	 availability	 of	
data.	For	 instance,	 in	the	Tropical	Eastern	Pacific	 (TEP),	 this	 trait	
has	been	estimated	for	only	30%	of	 the	species.	Studying	a	sub‐
set	of	species	to	test	an	ecological	hypothesis	is	a	common,	more	
or	 less	 accepted	 practice	 in	macroecology	 (Blackburn	&	Gaston,	
1998).	 Nevertheless,	 an	 implicit	 assumption	 behind	 the	 use	 of	
species	 subsets	 is	 that	 this	 subset	 is	 representative	 of	 the	 total	




set	of	 species	 for	which	PLD	has	been	estimated	when	 studying	
range	sizes	in	tropical	reef	fishes.
Here,	we	tried	to	overcome	some	of	the	difficulties	mentioned	
above	 by	 firstly	 investigating	 the	 effect	 of	 six	 dispersal‐related	
traits	(adult	mobility,	spawning	mode,	PLD,	circadian	activity,	ag‐
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investigated	 how	 using	 an	 incomplete	 set	 of	 species	may	 affect	





















reported	 in	 the	 region.	Range	size	was	measured	as	 the	maximum	
linear	distance	(in	kilometers)	between	any	two	points	where	a	spe‐
cies	 has	 been	 recorded	 (Gaston,	 1994).	 Range	 size	was	 calculated	
using	the	function	“geodist”	from	the	R	package	“gmt”	(Magnusson,	
2014).
2.2 | Predictors of range size
We	collated	information	on	several	species	traits	potentially	affect‐





Body	 size,	 the	 maximum	 recorded	 total	 length	 for	 each	 spe‐
cies,	was	obtained	from	Fish	Base	(Froese	&	Pauly,	2011)	and	Shore	
Fishes	of	 the	Tropical	Eastern	Pacific	online	 information	 system—
SFTEP	(Robertson	&	Allen,	2016).	Body	size	is	related	to	many	other	
life‐history	 traits,	also	 to	habitat	specialization	and	predation	risk,	
which	 consequently	 could	 affect	 range	 size	 (Calder,	 1984;	Peters,	
1983).	Body	size	is	positively	related	to	fecundity	(Thresher,	1984;	
Wootton,	 1992;	 Zapata,	 1990),	 increasing	 propagule	 pressure	
during	 range	 expansion	 and	 probably	 influencing	 large‐scale	 con‐
nectivity	(Treml	et	al,	2012).	It	is	also	positively	related	to	adult	mo‐
bility	(Barlow,	1981)	and	home	range	size	(Nash,	Welsh,	Graham,	&	
Bellwood,	 2015;	 Peters,	 1983;	Welsh	&	Bellwood,	 2014),	 thereby	
potentially	 leading	 to	 larger	 range	 sizes	 (Gaston,	 2003;	 Gaston	&	
Blackburn,	1996).
Adult	 mobility	 was	 classified	 as	 low,	 medium,	 or	 high	 follow‐
ing	 Floeter,	 Ferreira,	 Dominici‐Arosemena,	 and	 Zalmon	 (2004).	









larval	 duration	 (PLD)	 was	 obtained	 from	 the	 literature	 (Appendix	
S1).	We	supplemented	these	data	with	viviparous	species,	for	which	










temporarily	 aggregative	 (species	 that	 at	 some	 point	 in	 their	 lives	
form	 spawning	 or	 feeding	 aggregations),	 and	 aggregative	 (species	
that	form	aggregations	or	schools).	Information	on	trophic	level	was	




predation	 risk	 and	 increase	 the	 chances	 of	 survival	 and	 establish‐
ment	after	settlement	(Luiz	et	al,	2013).
2.3 | Data analysis














(TEP	 endemic)	 and	 species	 that	 are	 nonendemic	 to	 the	 TEP	 (e.g.,	
transpacifics).	Using	ocean	basin	as	a	random	factor	follows	similar	
approaches	used	in	previous	studies	(Luiz	et	al.,	2013).	We	included	





We	 included	 a	 random	 factor	 that	 controls	 for	 the	 particular	










Predictors	 were	 tested	 for	 multicollinearity	 using	 the	 R	 code	
“HighstatLib.r”	 from	Zuur,	 Ieno,	and	Elphick	 (2010).	Variance	 infla‐
tion	factors	(VIF)	of	all	variables	were	below	2.5,	which	is	considered	
















We	 then	 used	 null	 models	 to	 test	 whether	 the	 PLD‐subset	 is	
representative	 for	 the	 regional	species	pool,	 in	 terms	of	 taxonom‐
ical,	ecological,	and	 life‐history	traits.	We	compared	trait	averages	
of	 10,000	 random	 subsets	 extracted	 from	 the	 complete	 dataset,	








2.3.2 | Analysis of the complete dataset and 
random subsets







cies,	 including	 species	 without	 PLD	measurements,	 and	without	
F I G U R E  1  Standardized	effect	sizes	of	different	predictors	of	range	size	for	(a)	the	PLD‐subset	and	(b)	the	complete	dataset.	
Standard	errors	and	significance	levels	(*	<0.05,	**	<0.001,	***	<0.0001)	are	shown.	Reference	levels:	nonpelagic	eggs,	low	adult	mobility,	
nonaggregative,	and	diurnal
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3.2 | Predictors of range size in the complete TEP 
data and random data subsets
An	 analysis	 of	 the	 complete	 dataset,	 including	 all	 tropical	 species	














effect	on	 range	 size,	 nocturnal	 species	 attained	 significantly	 smaller	
ranges	than	diurnal	species	(Figure	1b,	Table	1	in	Appendix	S3).








itive	 effects	 of	 pelagic	 spawning	mode	 and	medium/high	mobility	




models	based	on	 random	species	 subsets	 than	 in	 the	PLD‐subset,	
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highly	 spatially	 clustered	 habitats),	 supporting	 empirical	 evidence	
has	 so	 far	 been	 surprisingly	 limited	 in	 both	 terrestrial	 (Dennis,	
Donato,	Sparks,	&	Pollard,	2000;	Edwards	&	Westoby,	1996;	Gaston	
&	 Blackburn,	 2003;	 Gutierrez	 &	Menendez,	 1997;	 Juliano,	 1983;	






Lester,	 2015;	 Thresher	&	Brothers,	 1985;	 Thresher,	Colin,	&	Bell,	
1989;	Victor	&	Wellington,	2000;	Wellington	&	Victor,	1989;	Zapata	
&	Herrón,	2002).	Our	study	illustrates	several	reasons	why	it	is	dif‐
ficult	 to	 find	a	definite	answer	 to	 the	question	of	whether	or	not	
dispersal	 is	 an	 important	determinant	of	 species	 range	 sizes.	 The	
first	reason	is	the	use	of	species	subsets	to	tackle	macroecological	


































F I G U R E  3   (a)	range	size	significantly	increases	with	adult	mobility	for	species	of	nonpelagic	spawners.	(b)	Range	size	is	generally	larger	
for	pelagic	spawners	than	for	nonpelagic	spawners,	but	does	not	significantly	increase	with	adult	mobility	within	the	group	of	pelagic	
spawners.	Standard	errors	are	shown















A	second	 reason	why	we	 found,	 in	contrast	 to	many	studies,	a	
clear	relationship	between	dispersal	and	range	size,	is	that	most	stud‐
ies	 have	 focused	 on	 single	 or	 few	 dispersal‐related	 traits,	 thereby	
(implicitly)	 denying	 the	 fact	 that	 dispersal	 is	more	 complex	 includ‐
ing	 traits	 related	 to	 departure,	 transfer,	 and	 settlement	 decisions.	
The	 inclusion	 of	 other	 traits	 likely	 to	 affect	 dispersal	 ability	 (e.g.,	




















F I G U R E  4  Frequency	distributions	of	effect	sizes	of	model	coefficients	for	1,000	linear	mixed	model	analyses	of	equal	number	of	
random	species	subsets.	The	black	and	red	arrows	show	the	effect	size	values	for	the	complete	dataset	and	the	PLD‐subset,	respectively





those	of	pelagic	 spawners	 (Leis	et	 al,	2013;	Wootton,	1992).	More	
mature	 larvae	become	more	active	swimmers	and	are	 less	 likely	 to	
passively	 disperse	 for	 long	 distances	 through	ocean	 currents	 (Leis,	
1991,	 2006;	 Leis	 et	 al,	 2013;	Munday	&	 Jones,	 1998;	 Stobutzki	 &	
Bellwood,	1997).	Therefore,	passive	dispersal	 is	expected	to	be	the	
predominant	dispersal	mode	at	 least	 at	 the	beginning	of	 the	 larval	












size	 is	 positively	 related	 to	 adult	mobility	 (Barlow,	 1981)	 and	 home	

















F I G U R E  5  Frequency	distributions	for	the	significance	of	model	coefficients	for	1,000	random	species	subsets.	The	black	and	red	arrows	
show	the	significance	values	for	the	complete	dataset	and	the	PLD‐subset,	respectively
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In	the	TEP,	the	reef	habitat	available	for	reef	fishes	is	mostly	distrib‐
uted	 along	 the	 coast	 in	 a	 semicontinuous	manner	 (except	 for	 two	








simultaneously,	 using	 (regionally)	 complete	 datasets,	might	 provide	
even	greater	understanding	in	the	distribution	of	range	sizes.
In	 summary,	we	showed	 that	 several	 traits	presumed	 to	affect	
dispersal	ability	are	 important	determinants	of	range	size	and	that	
using	several	of	these	traits	and	a	regionally	complete	dataset,	rather	
than	 a	 subset	 of	 the	 species	 in	 a	 region,	was	 crucial	 for	 reaching	
these	conclusions.	Our	study	serves	as	a	warning	about	the	crucial	
importance	 of	 choosing	 an	 adequate	 dataset	 to	 study	 macroeco‐
logical	patterns.	We	demonstrated	that	the	use	of	a	species	subset,	
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